Lung epithelial cell death is a prominent feature involved in the development of acute lung injury (ALI) and acute respiratory distress syndrome (ARDS). Hyperoxia-induced ALI is an established animal model mimicking human ARDS. Small noncoding RNAs such as microRNAs (miRNAs) have potent physiological and pathological functions involving multiple disease processes. Emerging interests focus on the potential of miRNAs to serve as novel therapeutic targets and diagnostic biomarkers. We found that hyperoxia highly induces miR-185 and its precursor in human lung epithelial cells in a time-dependent manner, and this observation is confirmed using mouse primary lung epithelial cells. The hyperoxia-induced miR-185 is mediated by reactive oxygen species. Furthermore, histone deacetylase 4 (HDAC4) locates in the promoter region of miR-185. We found that hyperoxia suppresses HDAC4 specifically in a time-dependent manner and subsequently affects histone deacetylation, resulting in an elevated miR-185 transcription. Using MC1586, an inhibitor of class IIa HDACs, we showed that inhibition of class IIa HDACs upregulates the expression of miR-185, mimicking the effects of hyperoxia. Functionally, miR-185 promotes hyperoxia-induced lung epithelial cell death through inducing DNA damage. We confirmed functional roles of miR-185 using both the loss-and gain-of-function approaches. Moreover, multiple 14-3-3␦ pathway proteins are highly attenuated by miR-185 in the presence of hyperoxia. Taken together, hyperoxia-induced miR-185 in lung epithelial cells contributes to oxidative stress-associated epithelial cell death through enhanced DNA damage and modulation of 14-3-3␦ pathways. miR-185; epithelial cell; cell death; oxidative stress; hyperoxia ACUTE LUNG INJURY (ALI) and acute respiratory distress syndrome (ARDS) have high mortality and morbidity, reflecting the inefficacy of specific therapies despite decades of research. Features of ALI/ARDS include an intense inflammatory response, diffuse alveolar cell damage, severe injury to the epithelial and endothelial barriers, and alveolar edema. Hyperoxia-induced ALI in mice is an established animal model that mimics human ARDS (20, 21, 42 
pletely understood, impeding the development of specific and effective therapy.
miRNA is a small noncoding RNA molecule (ϳ22 nucleotides) that is highly conserved from plants to mammals (19, 51) . They function in RNA silencing and posttranscriptional regulation for tight control of target gene expression (18) . Emerging evidence suggests that miRNAs are involved in numerous disease processes and are interesting targets for the development of diagnostic and therapeutic reagents (26, 50) . Despite a small number of reports (22, 29) , the function and regulation of miRNAs in lung epithelial cell death remain largely unexplored.
Previous reports have demonstrated that miRNAs bind their target genes via sequence complementary within the 3=-untranslated region or open reading frame of coding miRNAs (17) , which subsequently trigger mRNA degradation and result in inhibiting transcription and translation of the target genes (4) . Multiple miRNAs have been implicated in regulating cell death via multiple pathways (43) . After hyperoxia, miRNA microarray and real-time PCR analyses have demonstrated upregulation of miR-21 and miR-34a in rat neonatal lungs (8) .
Furthermore, a previous study shows that miR-30a decreases in lung fibrosis (31) . Upregulation of miR-30a potentially decreases apoptosis of type II alveolar epithelial cells (31) . Many more miRNAs have been reported involving lung cancer cell apoptosis, metastasis, and proliferation (3, 15, 34) . In fact, Ͼ2,000 unique mature human miRNAs have been reported on miRBase v. 20 in 2013 (25) . Among the majority of these miRNAs, we do not have clear understanding on their expression, regulation, and/or functions, particularly in the pathogenesis of human diseases.
Presently, the entire miRNA profiles involving the development of ALI/ARDS are unknown. Here we report a novel finding on an miRNA that has not been studied in this field but has potential important function(s) in lung diseases. We found that miR-185 expression is highly induced in lung epithelial cells after hyperoxia. In this report, we further explored the regulation and function of miR-185 in lung epithelial cells. miR-185 is located in the 22q11.2 region of the chromosome and is encoded within an intron of the transport and Golgi organization 2 homolog (TANGO2) gene that currently has an unknown function (53) . We also investigated the effects of hyperoxia on TANGO2. Insights from our studies on miR-185 described herein may shed light on future understandings of the role of TANGO2.
MATERIALS AND METHODS

Animal, cell culture, and isolation of primary lung epithelial cells.
Wild-type C57BL/6 mice (male, 6 -8 wk of age) were obtained from Jackson Laboratory (Bar Harbor, ME). All the protocols involving animals in this study were approved by the institutional animal care and use committee (IACUC) of Boston University.
Beas2B cells were obtained from ATCC (Manassas, VA) and cultured in DMEM with 10% FBS and 1% penicillin/streptomycin (GIBCO, Grand Island, NY). All cells were cultured at 37°C in a humidified atmosphere with 5% CO 2-95% air. For hyperoxia treatment, cells were exposed to hyperoxia (95% oxygen-5% CO2) in modular exposure chambers. For N-acetyl-L-cysteine (NAC), Mito-TEMPO, or H 2O2 treatment, 5 mM NAC, 100 M Mito-TEMPO, or 90 M H2O2, respectively, was added to the culture medium. MC1568, an inhibitor of class IIa histone deacetylases (HDACs), was purchased from Selleck Chemicals (Houston, TX).
Primary alveolar epithelial cells were isolated from the wild-type mice as described previously (27) . Briefly, mouse lung tissue was washed with PBS, followed by 2 ml of dispase, and 0.5 ml of 1% agarose. Lung tissue was then dissociated in DMEM with 25 mM HEPES and 200 U/ml DNase. Isolated cells were plated on CD45-and CD16/32-precoated dishes. After centrifuge, the pellets were resuspended in DMEM containing 10% FBS.
Western blot analysis. Western Blot analysis was performed as described before (56) . Briefly, cells were homogenized in RIPA lysis buffer supplemented with protease inhibitor cocktail and phosphatase inhibitor cocktail (Sigma, St. Louis, MO). Protein lysates were resolved on SDS-PAGE gels before being transferred to the PVDF membrane. Anti-HDAC1, anti-HDAC2, anti-HDAC3, and anti-HDAC4 antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA). Anti-HDAC5, anti-HDAC6, anti-histone H3, antiacetyl-histone H3, anti-histone H4, and anti-acetyl-histone H4 antibodies were obtained from Cell Signaling Technology (Beverly, MA). Mouse monoclonal anti-GAPDH antibody (Thermo Fisher Scientific, Waltham, MA) was used as a loading control. The densities of bands were quantitated using ImageJ software.
Caspase activity assay. Caspase-Glo-3/7 assay kit was purchased from Promega (Madison, WI). The activity of caspase-3/7 was detected according to the manufacturer's protocol. In brief, cells were cultured in 96-well plates at a density of 8,000 cells/well. CaspaseGlo-3/7 reagent (100 l) was then added to each well of the plate. The plate was mixed gently and incubated at room temperature for 45 min, followed by obtaining the luminescence of each sample as relative light units using a plate-reading luminometer.
Chromatin immunoprecipitation assay. ChIP-IT Express Chromatin Immunoprecipitation Kit (cat no. 53009) was purchased from Active Motif. Chromatin immunoprecipitation (ChIP) assay was performed according to the manufacturer's instructions. In brief, Beas2B cells were grown in 10-cm cell culture dishes and were exposed to normoxia (room air) or hyperoxia for 2 days. After being cross linked with formaldehyde, chromatin was sheared using enzymatic digestion. HDAC4 antibody (H-92, Santa Cruz Biotechnology) was used to capture HDAC4/DNA complexes. DNA was recovered using Proteinase K digestion and analyzed using PCR. The primers used for human TANGO2 promoter were as follows: forward primer (5=-AGGTGGCAGCCTCCGAGCGA-3=); reverse primer (5=-AAGCCG-GCGCGTTCACCATT-3=).
RNA preparation, reverse transcription, and quantitative real-time PCR. MiRNeasy Mini Kits (cat. no. 217004; Qiagen, Valencia, CA) were used for purification of total RNA from tissue and cells. Singlestranded cDNA was generated according to the manuals of the High-Capacity cDNA Reverse Transcription Kit (cat. no. 4374966, Thermo Fisher Scientific). For miR-185 detection, real-time PCR was performed using TaqMan PCR kit (cat. no. 4427975-002271, Thermo Fisher Scientific) and Applied Biosystems StepOnePlus Real-Time PCR Systems (Foster City, CA). Relative miR-185 expression level was normalized to human HPRT1 (cat. no. 4331182-Hs99999909_m1) or mouse Hprt (cat. no. 4331182-Mm03024075_m1), respectively. For the detection of mouse HDAC1 to HDAC6, human TANGO2, and premiR-185, SYBR green-based real-time PCR technique was used as previously described (55) . 18S rRNA was used as a reference housekeeping gene. The list of primers is shown in Table 1 .
Apoptosis antibody array. The kit of human apoptosis antibody array (cat. no. AAH-APO-1-4) was purchased from RayBiotech (Norcross, Georgia). Assay was performed according to the manufacturer's protocol.
Cell proliferation and viability assay, M30 immunofluorescence, and annexin V propidium iodide assay. Cell Counting Kit-8 (Dojindo Molecular Technologies, Kumamoto, Japan) was used to determine the proliferation of Beas2B cells and to detect the cell viability after hyperoxia.
For M30 immunofluorescence, fixed Beas2B cells were incubated with M30 CytoDEATH and fluorescein antibody (cat. no. 12156857001; Roche, Indianapolis, Indiana) according to the standard protocol specified by the manufacturer. Images were captured 
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using fluorescence microscope (Eclipse TS100, Nikon) at ϫ10 magnification and analyzed using ImageJ software. Annexin V-FITC Apoptosis Detection Kit was used (BioVision, Mountain View, CA) according to the manufacturer's protocol. Data were obtained and analyzed using FACSCanto flow cytometer and Flow-Jo software (BD Biosciences Immunocytometry Systems, San Jose, CA).
ELISA. Histone H3 total acetylation detection fast kit (ab115124) and histone H4 total acetylation detection fast kit (ab115125) were purchased from Abcam (Cambridge, MA) and used according to the manufacturer's protocol. To detect and quantify the protein amount of HDAC4 in Beas2B cells, EpiQuik HDAC4 assay kit (Epigentek Group, Brooklyn, NY) was used, and assays were performed according to the manufacturer's protocol. TaqMan array. TaqMan Array Human DNA Damage Induced 14-3-3 Sigma Signaling 96-well plates (cat. no. 4418771, Thermo Fisher Scientific) were obtained to determine the effect of miR-185 on 14-3-3 sigma signaling pathway after hyperoxia. HPRT1 was used as an endogenous control gene in array data analysis.
Statistical analysis. All data were presented as means Ϯ SD. Comparisons between two groups were performed using a two-tailed unpaired Student's t-test for statistical significance. Multiple groups were compared using a one-way ANOVA with Tukey's method. P Ͻ 0.05 was considered statistically significant; *P Ͻ 0.05; **P Ͻ 0.01.
RESULTS
Hyperoxia-associated oxidative stress induces miR-185 expression in lung epithelial cells. First, we found that hyperoxia (95% oxygen) induced the expressions of miR-185 and miR-185 precursor in human lung epithelial Beas2B cells in a time-dependent manner (Fig. 1, A and B) . Given that miR-185 is encoded within the intron of TANGO2 gene, we next evaluated the effects of hyperoxia on the expression of TANGO2. As shown in Fig. 1C , hyperoxia also induced TANGO2 expression in Beas2B cells in a time-dependent manner. These observations were confirmed in mouse lung primary epithelial cells (Fig. 1, D and E) . To determine whether hyperoxia upregulated miR-185 and TANGO2 via reactive oxygen species (ROS), we added a general ROS inhibitor NAC (5 mM) or a mitochondrial antioxidant Mito-TEMPO (100 M) (45) into the cell culture followed by exposure of hyperoxia. Both NAC and Mito-TEMPO significantly inhibited the hyperoxia-induced miR-185 (Fig. 1F) . Consistent with this, treating Beas2B cells with H 2 O 2 (90 M) markedly upregulated the expression level of miR-185, and these responses were also attenuated by NAC or Mito-TEMPO (Fig. 1, G and H) . Interestingly, hyperoxia treatment resulted in miR-185 level decrease in cells isolated from bronchoalveolar lavage fluid (BALF) (Fig. 1I) . Furthermore, we also determined the relative expression of miR-185 in a variety of mouse tissues, including brain, heart, lung, kidney, liver, intestine, muscle, spleen, and adipose tissue, as shown in Fig. 1J .
Histone acetylation and HDAC4 play a key role in the regulation of miR-185 expression in lung epithelial cells after hyperoxia. Previous reports have suggested that inhibitors of HDAC rapidly alter miRNA levels (41) . To determine the mechanisms by which hyperoxia regulates miR-185 expression in lung epithelial cells, we evaluated the effects of hyperoxia on histone acetylation and HDAC activities. Western immunoblot analysis of acetyl-histone H3 (A) and acetyl-histone H4 (B) protein expressions in human lung epithelial cells (Beas2B) after hyperoxia. C and D: relative acetyl-histone H3 (C) and acetyl-histone H4 (D) protein levels were quantified using densitometry and normalized to histone H3 or H4. E and F: Beas2B cells were exposed to normoxia or hyperoxia in the presence or absence of Mito-TEMPO (100 M) for 48 h. Extracted histones were used to measure total histone H3 (E) and H4 (F) acetylation using ELISA. All results represent 3 independent experiments. *P Ͻ 0.05, **P Ͻ 0.01. gered histone H3 and H4 acetylation in Beas2B cells in a time-dependent manner, as determined by Western blot analysis (Fig. 2, A-D) . We further showed that hyperoxia increased the acetylation of histone H3 and H4 by ELISA. The induction of H3/H4 acetylation was attenuated by mitochondrial antioxidant Mito-TEMPO (Fig. 2, E and F) . HDACs are a class of enzymes that can remove acetyl groups from histones (10), subsequently allowing a tighter wrap between the histones and the DNAs they bind (13) . To determine which specific HDACs regulated the hyperoxia-induced histone H3 and H4 deacetylation, we first tested the levels of HDAC expression (1 to 5) in Beas2B cells after hyperoxia. As shown in Fig. 3A, hyperoxia suppressed the protein level of HDAC4 in a time-dependent manner. No significant changes were observed in other HDACs (Fig. 3, A and B) . To confirm this observation, we isolated primary alveolar epithelial cells from C57/BJ6 mice and exposed them to hyperoxia (95% oxygen). We confirmed that HDAC4 was significantly downregulated in primary lung epithelial cells after hyperoxia using real-time PCR (Fig. 3C) . The hyperoxia-suppressed HDAC4 was confirmed using ELISA (Fig. 3D) . Pretreatment of Mito-TEMPO in lung epithelial cells significantly attenuated the effects of hyperoxia on HDAC4 expression (Fig. 3D) .
To investigate whether hyperoxia-suppressed HDAC4 and histone deacetylation regulate the expression of miR-185, we first reviewed the promoter region of TANGO2, the host gene of miR-185 (14) . As shown in Fig. 4A , the acetylation of lysine 27 of the histone H3 (H3K27Ac) has been reported in the promoter region of TANGO2 in seven different cell lines (12) . We therefore, performed a ChIP assay to examine whether DNA binding to HDAC4 was altered by hyperoxia. Hyperoxia reduced the HDAC4/DNA interaction in Beas2B cells in a time-dependent manner (Fig. 4B) . Using real-time PCR, we confirmed the observation that hyperoxia significantly reduced the HDAC4/DNA interaction using the purified DNA obtained from the HDAC4 antibody-precipitated samples (Fig. 4C) . We next treated Beas2B cells with MC1568, a class II (IIa) HDAC inhibitor (49) . A dose-dependent upregulation of miR-185 expression was demonstrated, suggesting that HDAC4 negatively regulates miR-185 expression (Fig. 4D) .
miR-185 promotes hyperoxia-induced lung epithelial cell death via inducing DNA damage. To determine the functional role of miR-185 in lung epithelial cells, we used gainand loss-of-function approaches. Successful overexpression or suppression of miR-185 was confirmed after administration of miR-185 mimics or inhibitors (Figs. 5A and 6A ). In the presence of hyperoxia, overexpression of miR-185 in Beas2B cells using miR-185 mimics significantly increased the relative apurinic/apyrimidinic (AP) sites that are located in DNA that have neither a purine nor a pyrimidine base as a result of DNA damage (Fig. 5B) . Consistent with our findings, overexpression of miR-185 mimics suppressed the survival of Beas2B epithelial cells after hyperoxia (Fig. 5C ). Using M30 cytodeath antibody, we detected a significant level of apoptosis in Beas2B cells using fluorescent micros- A: expression of HDAC1 to HDAC5 after hyperoxia was detected using Western blot analysis in Beas2B cells. B: relative protein level of HDAC4 was quantified and normalized to GAPDH. C: primary alveolar epithelial cells isolated from C57/BJ6 mice were exposed to normoxia (room air) or to hyperoxia for the indicated time points. Relative levels of HDAC1 to HDAC6 were measured using real-time PCR. D: nuclear protein was isolated from Beas2B cells exposed to normoxia or hyperoxia in the presence or absence of Mito-TEMPO (100 M) for 48 h. HDAC4 ELISA assay kit was used to measure total HDAC4. Results represent the average values obtained in 3 independent experiments. *P Ͻ 0.05, **P Ͻ 0.01. copy and flow cytometry (Fig. 5, D-G) . We next performed apoptosis protein array analysis. We showed that several apoptotic signaling proteins were altered after miR-185 mimic overexpression. Among the proapoptotic signaling proteins, Bad and Bax were upregulated. Fas ligand was also enhanced, suggesting that the Fas-Fas ligand pathway is involved in this process (Fig. 5H) . To further determine the effects of miR-185 on cell death, we measured the activity of caspase-3/7 in Beas2B cells that were transfected with either miR-185 mimics or control mimics, in the presence or absence of hyperoxia (Fig. 5I) . Consistently, we found that overexpression of miR-185 promoted the activation of caspase-3/7 in Beas2B cells.
To confirm our observations above, we next transfected Beas2B cells with miR-185 inhibitors. After hyperoxia, suppression of miR-185 in Beas2B cells using miR-185 inhibitors markedly decreased the number of relative AP sites (Fig. 6B) . Inhibition of miR-185 enhanced the survival of Beas2B epithelial cells after hyperoxia (Fig. 6C) . Using M30 cytodeath antibody, we detected less apoptosis in Beas2B cells using fluorescent microscopy and flow cytometry (Fig. 6, D-G) . Apoptosis protein array was used to confirm changes of Bad, Bax, and Fas ligand expression in Beas2B cells after miR-185 suppression and hyperoxia (Fig. 6H) . We found that the activity of caspase-3/7 was decreased in Beas2B cells that were treated with miR-185 inhibitors (Fig. 6I) . These results further supported our above observations obtained using the miR-185 mimics.
miR-185 inhibits the DNA damage-induced 14-3-3␦ signaling pathway.
We next examined the mechanisms by which miR-185 promoted DNA damage-associated apoptosis in the presence of hyperoxia. 14-3-3 proteins are conserved dimeric regulators in eukaryotic cells and can bind multiple cellular protein ligands (1). 14-3-3 proteins have antiapoptotic functions through their interactions with a variety of proapoptotic molecules (1, 16) . To screen for multiple regulators, we performed a TaqMan Array on human DNA damage-associated genes. We found that DNA damage-associated 14-3-3␦ signaling mediators were robustly downregulated by miR-185 mimics and upregulated by miR-185 inhibitors (Table 2) , suggesting a potential mechanism by which miR-185 promoted DNA damage-associated apoptosis. The effects of miR-185 on CCNB3 and SFN expressions were further confirmed using real-time PCR (Fig. 7) .
DISCUSSION
Except for the few reports in cancer research, the expression and function of miR-185 in lung diseases have not been explored, particularly in lung epithelial cells. Deletion of miR- Fig. 4 . The expression of miR-185 is controlled by HDAC4. A: schematic representation of the genomic location of the human TANGO2 gene. miR-185 locates in the intron of the TANGO2 gene. The acetylation of lysine 27 of the H3 histone protein (H3K27Ac) mark is found in the promoter region of TANGO2 on 7 different cell lines by chromatin immunoprecipitation (ChIP)-sequencing assay that is thought to enhance transcription. B: ChIP assay was performed using chromatin isolated from Beas2B cells exposed to normoxia or hyperoxia for 2 days. HDAC4 antibody was used for immunoprecipitation. IgG was used as a negative control, and water was added as no-DNA control for PCR. C: purified DNA was analyzed using real-time PCR. Fold enhancement was calculated based on the ratio of positive signal to IgG signal. D: Beas2B cells were treated with MC1568, a class II (IIa) HDAC inhibitor selective for HDAC4. After 24 h, the dose-dependent expression of miR-185 was analyzed using real-time PCR. All the data represent 3 independent experiments. *P Ͻ 0.05, **P Ͻ 0.01. Fig. 5 . miR-185 overexpression promotes DNA damage and cell death after hyperoxia. A: Beas2B cells were transfected with control or miR-185 mimics. 48 h after transfection, relative level of miR-185 was measured using real-time PCR. B: Beas2B cells were transfected with miR-185 mimics or control. After transfection, cells were exposed to hyperoxia for 2 days. Relative change of apurinic/apyrimidinic (AP) sites in genomic DNA was measured using the aldehyde reactive probe (ARP) assay kit. C: effect of miR-185 overexpression on cell viability was detected after transfection of control or miR-185 mimics into Beas2B cells, followed by 0 h (room air) or 48 h of hyperoxia. D and E: M30 immunofluorescence was used to detect apoptosis in Beas2B cells transfected with control or miR-185 mimics in the presence of hyperoxia (24 h). M30 staining indicated early stage of apoptosis. Representative images were captured using a fluorescent microscope at ϫ10 magnification (D). M30 fluorescence intensity was quantified using ImageJ software (E). F and G: Beas2B cells were transfected with control or miR-185 mimics and exposed to hyperoxia for 2 days. Cells were then examined for apoptotic cells using annexin V-FITC apoptosis detection kit. Representative result of 3 independent experiments was shown (F). PI, propidium iodide. The levels of apoptosis were presented as means Ϯ SD from 3 independent experiments (G). H: human apoptosis antibody array was used to detect proteins related to apoptosis in Beas2B cells. Beas2B cells transfected with control or miR-185 mimics were exposed to hyperoxia for 2 days. Cell lysates were used for antibody array analysis. I: Beas2B cells were transfected with control or miR-185 mimics and exposed to hyperoxia for 2 days. The activity of caspase-3/7 was determined. Data are shown as means Ϯ SD from 3 independent experiments. **P Ͻ 0.01.
185 is a frequent event in diverse types of cancers (5) . miR-185 is reported to induce cell-cycle arrest in human non-small cell lung cancer (44) . It shows antitumor effects in gastric cancer via Wnt/␤-catenin signaling (37) . Similarly, miR-185 functions as a tumor suppressor in prostate cancer cells and clear cell renal cell carcinomas through inhibiting VEGFA (30) . Furthermore, miR-185 inhibits hepatocellular carcinoma growth through the DNMT1/PTEN/Akt pathway (36) and inhibits triple-negative breast cancer cell proliferation via DNMT1 and E2F6 (46) . Plasma miR-185 also serves as a potential biomarker for glioma and human chondrosarcoma (47) . In addition, a low level of miR-185-3p is associated with poor overall survival in patients with nasopharyngeal carcinoma (54) . In noncancer cells, miR-185 effectively suppresses cardiac hypertrophy signaling through multiple targets (24) . It directly targets the 3=-untranslated region of Na ϩ /H ϩ exchanger-1 that is a protein involved in ER stress (23) . These studies demonstrated that upregulation of miR-185 results in antihypertrophic effects and that miR-185 deficiency leads to prohypertrophic effects (24) .
Our report is the first to explore the expression, regulation, and function of miR-185 in normal lung tissue. Hyperoxia induced miR-185 in lung epithelial cells via mitochondrial ROS (Fig. 1, F and H) . Mitochondrial ROS have been shown to mediate hyperoxia-induced lung epithelial cell death via mechanisms involving Bak or Bak-dependent apoptosis (9) . Our data provided a novel mechanism by which mitochondrial ROS exert proapoptotic effects via miR-185-mediated pathway.
miR-185 is encoded within an intron of the TANGO2 gene (14) . TANGO2 is also referred to as chromosome 22 openreading frame 25. Presently, the function of TANGO2 remains unclear. However, TANGO is known as a highly conserved gene located in eubacteria to Animalia (40) . It has been speculated to be involved in Golgi organization and protein secretion (39) . Except in smooth muscle cells, thymus, and lymph nodes, TANGO2 expression has been found in almost all other human tissues (48) , suggesting a potential important function for this protein. Our studies showed that hyperoxia induced both miR-185 and TANGO2 expression in lung epithelial cells in a time-dependent manner. However, whether TANGO2 exerts the similar functions as miR-185 requires future exploration.
Fourteen miRNAs have been reported to be upregulated after hyperoxia in lungs; these miRNAs include miR-20b, miR-106a, miR-128, miR-883b-3p, miR-15b, miR-122, miR30e, miR-365-5p, miR-133a, miR-205, miR-379, miR-449a, and miR-431 (57). We initially discovered highly expressed miR-185 after hyperoxia in lung epithelial cells but not in other BALF cells (Fig. 1I) . It has been known that, after hyperoxia, many immunomodulatory cells are recruited to the lungs and can be detected in BALF (33). Therefore, the reduced level of miR-185 in BALF cells suggests that hyperoxia exerts differential effects based on cell types. This prompted us to study the regulation and function of miR-185 in lung epithelial cells, rather than immunomodulatory cells, in the presence of hyperoxia (Fig. 8) .
Eighteen different mammalian HDACs can be divided into four classes (10) . We found that one of the class II HDACs, HDAC4, is downregulated after hyperoxia. Hyperoxia also significantly suppresses the interaction of HDAC4 and chromatin DNA. The disruption of HDAC4 and chromatin may suppress the deacetylation of histones and subsequently turn on the transcription of miR-185.
Similarly as in the cancer cells, we found that miR-185 exerts proapoptotic effects and limits cell proliferations in normal lung epithelial cells (primary epithelial cells). Overexpression of miR-185 promotes DNA damage, suppresses multiple proteins involved in the 14-3-3␦ pathway, and enhances Fas ligand and caspase-mediated apoptosis. 14-3-3 proteins were first found in the brain in 1967 (6) . To date, the 14-3-3 family has been shown to be expressed in all eukaryotic cells. There are seven isoforms identified (14-3-3␤, ␥, ε, , , , and /). Among these isoforms, 14-3-3 (also known as SFN) is specifically expressed in epithelial cells. Several studies indicate that 14-3-3 components inhibit the apoptotic pathway (11, 52) through interactions with other proteins, such as BAD, FKHRL-1, and Ask1 (1, 16) . Our findings on miR-185-regulated 14-3-3␦ pathway provide a novel mechanism by which hyperoxia promotes lung epithelial cell death (Fig. 7) . Additionally, Fas ligand and caspase-associated apoptosis have shown crucial roles in the development of epithelial apoptosis in ALI and ARDS (2, 28, 32) , consistent with what we have found here.
Our functional studies were conducted using the gain-or loss-of-function approaches. Transfection of miR-185 mimics or inhibitors artificially enhances or suppresses the intracellular level of miR-185. Therefore, these approaches may not necessarily reflect the real physiological status of miR-185. The copy number and concentration required for miR-185 to exert cellular functions at physiological conditions require further investigation. Nevertheless, at the present time, the gain-and loss-of-function approaches remain to be well-accepted methods to determine the cellular functions of miRNAs.
Our future directions will need to focus on building on a reliable method to determine the copy number and concentration of miRNAs in various physiological conditions and in different cell types. We will need to further explore multiple pathways by which miR-185 exerts its proapoptotic functions.
Taken together, we found that the miRNA miR-185 promotes lung epithelial cell apoptosis and limits cell proliferations in the presence of hyperoxia/ROS. This result potentially uncovers a novel mechanism by which hyperoxia-associated ROS stimulates lung epithelial cell death and lung injury, which subsequently provides new targets for the development of therapeutic and diagnostic strategies. Fig. 6 . Inhibition of miR-185 attenuates DNA damage and lung epithelial cell death after hyperoxia. A: Beas2B cells were transfected with control or miR-185 inhibitors. 48 h after transfection, relative level of miR-185 was measured using real-time PCR. B: Beas2B cells were transfected with control or miR-185 inhibitors. After transfection, cells were exposed to hyperoxia for 2 days. Relative change of AP sites in genomic DNA was measured using the ARP assay kit. C: effect of miR-185 suppression on cell viability was detected after transfection of control or miR-185 inhibitors into Beas2B cells, followed by 0 h (room air) or 48 h of hyperoxia. D and E: M30 immunofluorescence was used to detect apoptosis in Beas2B cells transfected with control or miR-185 inhibitors, followed by hyperoxia (24 h). M30 staining indicated early stage of apoptosis. Representative images were captured using a fluorescent microscope at ϫ10 magnification (D). M30 fluorescence intensity was quantified using ImageJ software (E). F and G: Beas2B cells were transfected with control or miR-185 inhibitor and exposed to hyperoxia for 2 days. After treatment, cells were examined for apoptotic cells using annexin V-FITC apoptosis detection kit. Representative result of 3 independent experiments was shown (F). The levels of apoptosis are presented as means Ϯ SD from 3 independent experiments (G). H: human apoptosis antibody array was used to detect proteins related to apoptosis in Beas2B cells. Beas2B cells transfected with inhibitor control or miR-185 inhibitor were exposed to hyperoxia for 2 days. Cell lysates were used for antibody array analysis. I: Beas2B cells were transfected with control or miR-185 inhibitor and exposed to hyperoxia for 2 days. The activity of caspase-3/7 was determined. Data are shown as means Ϯ SD from 3 independent experiments. *P Ͻ 0.05, **P Ͻ 0.01. 
